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(57)Abstract: 

PURPOSE: To obtain excellent performance from infinity 
to a short distance by stabilizing the performance of a 
three-group zoom lens and a four-group zoom lens in 
short-distance focusing. 

CONSTITUTION: The zoom lens consists of a 1st 
positive lens group I, a 2nd positive lens group II, and a 
3rd negative lens group III and the power is varied from a 
wide-angle end to a telephoto end by moving the 
respective lens groups toward an object. While the most 
image-side lens element LF among lens elements 
constituting the 2nd lens group is fixed at a constant 
position, the remaining lens elements of the 2nd lens 
group are moved toward the object and the lens system 
consists of the 1st positive lens group I, the 2nd positive 
or negative lens group II, the 3rd negative lens group III, 
and a 4th negative lens group IV; and the power is varied 
from the wide-angle end to the telephoto end by moving 
the respective lens groups along the optical axis 
respectively. The most image-side lens element LF 

among elements constituting the 3rd lens group is fixed at a constant position and the 
remaining lens elements of the 2nd and 3rd lens groups are moved toward the object to put the 
lens system in focus. 
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8. 9 6T^-5. USB#>&n&*»ftJ:3fc, flXS&S) 

[0050] msmmmz* mAMsmnfias. omm- 

1 5 0mm<DU>XPl — IV^£ft£4»X— Al/>X 

ffltt*«A.fcX-Au>x«aiabfct><0Tr»-5* bii 
o\zu>xmmm&* hi 6icjR«H«*-r. w>x& 

£<, 

[0 0 5 1] i4^j-CH flMUMWS 6. 2mm 
-1 3 lmm<DU>Xmi~~U\ *^^3»X-AU 

TSfcjebfcttlB*»<5i:t^T€rS. HI l\Zls>XWr 
®0£, 0 1 7 fciRMHfc^Tc 1/>X«»L 
p OftMUEIBfcL fiP=-5 4 5 9. 7 6t^, 

[0 0 5 2] »5«lKflrc». ttjfiU6JI#t2 9. 2mm 
— 5 4mm<Z)l/>XgI —IVj&>££:£> 4 f¥X— AU>X 

ffimctT, *tttti!«fioT^6, CC30iJt>4p 
X-AW>XT*D, i7l (»2W>X*II*> £SS 
1 81 <SS§4^>XSIV*) K#JMff£SU!ILTV>*. 
dCOf^CD f L P = 7 7. 2 9 4T&D> ^n*T(0**« 

[0053] memmm\t. mam 3 6mm~i 3 

1. 5mm03t#*SW'>X»I-IVd^^S4*X- 
Ak>X"C«ftl^T«D, m2U>XPII^^3V 
>X»III W©IBWo|E«»oJEfl:«*/h*^2:i:^ 

-AW>X^»«T€r«i:«l*-C^-5<fc5^ 
tt, H8w»*^#en5Ct*WS. HI 
3 lCU>X0r®0£, H 1 9 (C^H^^*Tc 
[0 0 5 4] <fctf>, #H^J<OU>X7 f -^^*r^> 

n , ra -tt#U>XllOiWi, di , 
di •••ttftl'>XffiK©raiH, nil, ndi-tt#W->X 
©d«©a*f*, vii. Vd«-^l/>X077^»"e 

[0 0 5 5] x = (yVr) / [1+ {1-P( yVr 2 )} 
1/1 ] 



—91— 



(8) 



»§!¥4-3 3 8 9 1 0 



13 

+/U y 4 +Aa y 8 +As y 8 +Aio 



14 





m 


Aa » As * 


[0 0 5 6] 








f = 39. 0— 


80.9- 148.5 










F*o = 4.58- 


6.20— 8.68 










co = 28. 9— 


14. 9— 8. 3° 










f b = 9.68— 


40.53— 91.44 








r i = 


-316. 3761 


di = 1.3400 


ndi =1.83400 


Vdl 


=37. 16 


r 2 = 


37. 7799 


d2 = 0.8432 








rj = 


55. 0945 


da = 3.1600 


rid 2 =1.61405 


Vd2 = 


54. 95 


r 4 = 


-586.4745 


d« = 0. 1847 








r 5 = 


29.8948 


ds = 4.9000 


rid s =1.53996 


Vd3 


=59. 57 


Tt = 


-115. 6637 


de =(bJ£) 








r 7 = 


-37. 4745 


d? = 1.1800 


rid4 =1.78590 


Vd4 


=44. 18 


r 8 = 


21. 1223 


ds = 0.9701 








r 9 = 


36.2884 


d* = 2.6500 


nds =1.78472 


Vd5 


=25. 71 


r io = 


-45. 5730 


dio= 2.3180 








rn = 


-22.6975 


dn= 1.3000 


nde =1.63854 


Vdfl 


=55. 38 


r 12 = 


-27. 7381 


di2= 4.0650 








ris = 




di3= 4.0859 








r 14 = 


-182. 3473 


di4= 2.0800 


ru7 =1.68893 


Vd7 


=31. 08 


r i5 = 


-194.6074 


dis= 0.4088 








r 15 = 


100. 1782 


di6= 2.3800 


n<i =1.54739 


Vd8 


=53. 55 


r 17 = 


-36.4417 


dw= 1.3474 








r ib = 


112. 2452 


die= 1. 2900 


rid9 =1.78472 


Vd9 


=25. 71 


ri9 = 


19.0879 


di9= 4.2650 


rid 10 =1.58313 


VdlO 


=59. 36 


r 20 = 


-28. 1382 


dao = 1.6500 








r 21 = 


-20.0777 


d»i= 1.7100 


ridi i=l. 72600 


Vdll 


=53. 56 


rai = 


-20. 7925 


d22 = (Pj^) 








r 23 = 


-42.0853 


d2 3 = 3. 1200 


ridi 2=1. 84666 


Vdl2 


=23. 78 


T24 = 


-22.8307 


d9 4= 2.3287 








T 25 = 


-18. 1063 (#3*®) 


da B = 0.8600 


ridia=l. 51742 


Vd 13 


=52. 41 


r 28 = 


-18. 2961 


d 2 6= 1.5000 


rid i4 =1.77250 


Vdl4 


=49. 66 


r 27 = 


8 9. 0 6 7 6 











f 


39.0 


80.9 


148.5 




1.430 


16. 102 


21. 503 


d x , 


20. 938 


9. 132 


2.824 



SS2 5® 
P =1 

At = 0.15094X10" 4 
Ae = 0.36466X10-' 
As =-0. 40180 X 10" l ° 
Aio = 0.56431X10- 1 * 
[0 0 5 7] 



f = 

Fio = 
o> = 
f b = 
-8204.4298 



r i 
ri 



32. 1497 



38.0- 82.8- 176.0 
4.62- 7.53- 11.15 
29.6— 14.6— 6.9° 
6.18— 38.03—106.05 
di = 1.4500 
da = 0.8500 



ridi =1.83400 Vdi =37.16 
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15 



16 



r a = 


47.5851 


ds 


= 3.2000 


ma 


=1.61405 


Vdl 


=54. 95 


r < = 


-1942.9777 


d4 


= 0. 2150 










r s = 


26. 3265 


d 6 


= 5.0000 


rid; 


=1.53996 


Vd3 


=59. 57 


re = 


-200.2508 


de 


= 0*£) 










r 7 = 


-39. 1402 


d. 


= 1.3000 


n«n 


=1.78590 


Vd4 


=44. 18 


r 8 = 


20. 1050 


d 8 


= 0.6478 










r» = 


33.8748 


d 8 


= 2. 6500 


Tin 


=1.78472 


Vd5 


=25. 68 


rio = 


-38. 3830 


di 


o= 1.2259 










Til = 


-29.0561 


di 


i= 1.3000 


Tin 


=1.61405 


Vd6 


=54. 95 


r u = 


-36.4855 


di 


2 = (Pj&) 










ria = 




dis 


= 4. 0000 










ri4 = 


-92.6144 


di 


4= 2.1000 


ridj 


=1.68893 


Vd7 


=31. 08 


rie = 


-322. 7288 


di 


b= 0.3250 










r i6 = 


88. 7094 


d! 


*= 2.2000 


n«i 


=1.54739 


Vd8 


=53. 55 


ri7 = 


-33.9960 


di 


r= 0.5862 










ria = 


209. 5506 


di 


8= 1.3000 


rut 


=1.78472 


Vd9 


=25. 71 


ri9 = 


21. 0222 


di 


9= 4.0000 


ndi 


o=1.58913 


VdlO 


=60. 97 


r 20 = 


-25.0062 


d 5 


o= 1.0000 










T21 = 


-19. 2691 


di 


i= 1.7000 


rid] 


1=1.74100 


Vdll 


=52. 68 


T22 = 


-20.2562 


d 3 


2 = <Pj£) 










r 2s = 


-36. 6191 


d 5 


3= 3.1500 


rid] 


2=1.84666 


Vd 12 


=23. 78 


r 24 = 


-21. 2860 


d: 


4= 2.7816 










r 25 = 


-i6. 1349 amm 


d: 


5= 0.1000 


ridi 


3=1.51742 


Vdl3 


=52.41 


T 25 = 


-16. 8308 


d 5 


• = 1.5000 


ridi 


4=1.77250 


Vdl4 


=49. 66 


r 2 ? = 


1 7 7. 9 7 0 1 













f 


38.0 


82.8 


176.0 


d, 


3. 294 


17.217 


22.350 


di, 


4.063 


4.160 


3.601 


d„ 


23.438 


9.675 


1.988 



p =1 

A 4 = 0.25779X10- 4 

Ae = 0.78006X10- 7 

As =-0.15033X10- 9 

30 Aio = 0.17915XKT 11 

[0058] m$$mm 

f =38.0— 81.5- 150.0 
Fso= 4.62- 6.24- 8.81 
O) = 29.6- 14.9- 8.2° 
f B = 9.46- 41.78- 93.55 





-531. 9150 


di = 1.4500 


ridi 


=1.83400 


Vdl 


=37. 16 




36. 7581 


d 2 = 0.8500 












54. 0975 


ds = 3.2000 


rid2 


=1.61405 


Vd2 


=54. 95 




-710. 7728 


d 4 = 0.2150 












28.8796 


d 5 = 5.0000 


Xld3 


=1. 53996 


Vd3 


=59. 57 




-126.5198 


d, = («Ji£) 












-35.3558 


d; = 1.3000 


Tlii 


=1. 78590 


Vd4 


=44. 18 




20.9761 


de = 1.0031 












40.6555 


d» = 2.6500 


rtds 


=1.78472 


VdB 


=25. 71 


0 = 


-41.9853 


dio= 2.2155 










1 = 


-23. 5923 


dn= 1.3000 


ride 


=1.63854 


VdO 


=55. 38 


3 = 


-27.9570 


dn = <pJS!) 










3 = 


°o. (j&D) 


di3= 4.0000 











—93— 
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ri4 = 


-167. 5276 


dn = 


2. 1000 


IW7 =1.68893 


Vd7 =31.08 


ri 5 = 


-192. 1174 


di 6 = 


0. 3250 






ri6 = 


144. 5763 


di 8 = 


2. 2000 


rid 8 =1.54739 


Vds =53.55 


riT = 


-35. 1160 


dir = 


1. 3859 






ris = 


99. 6476 


dis = 


1.3000 


rid* =1.78472 


Vd9 =25.71 


r 19 = 


19. 5849 


d 1 9 = 


4. 0000 


lid io =1.58313 


Vdio=59. 36 


r 20 = 


-26.8188 


ds o = 


1. 0000 






T2 1 = 


-20. 3106 


dai = 


1. 7000 


rid ii =1.74100 


Vdii=52.68 


r 3j = 


-20.9455 


dia = 








T23 = 


-39. 8644 


d 2 3 = 


3. 1500 


ndi2=l. 84666 


Vdi2=23. 78 


r 24 = 


-22. 9355 


d*4 = 


2. 3185 






T25 = 


-18. 8212<Ua*ffi) 


d»5 = 


0. 8500 


ndi 3=1. 51742 


Vdis=52. 41 


r 26 = 


-19. 0277 


dae = 


1. 5000 


rid i4 =1.77250 


Vdi4=49. 66 


f 27 = 


8 5. 3 6 3 2 











X-AfWH 



f 


38.0 


81.5 


150.0 


de 


2.141 


16.253 


21.481 


dw 


4.218 


4.065 


4.086 


d„ 


21. 123 


9.043 


2.852 



IS2 5® 



20 



P =1 

A< = 0. 12231X10" 4 

A6 = 0.29324X10" 7 

As =-0.91602X10- 10 

Aio = 0.62671X10" 12 

[00593 minmm 

f = 36.2— 68.0- 131.0 

Fso= 3.60— 5.65— 7.42 

o> = 30.8- 17.6- 9.4" 

f B = 9.78- 32.68- 81.23 



ri = 


-86. 8576 


di 




0. 9500 


ridi 


=1.83400 


Vd] 


i =37.16 


r 2 = 


41. 4110 


d: 




0. 9080 










r 3 = 


51. 8432 


dc 




3. 2800 


rid2 


=1.65844 


Vd; 


i =50. 86 


r 4 = 


-137. 6627 


d< 




0. 1200 










r 5 = 


33.2481 


d £ 




4. 5600 


rid 3 


=1.51823 


Vd. 


> =58.96 


re = 


-86. 0513 


de 














r 7 = 


-56. 6012 


di 




0. 5000 


n d 4 


=1. 78590 


Vd' 


i =44.18 


r 8 = 


19. 1893 


di 




0. 8890 










r s = 


36. 0325 


d< 




2. 7900 


rid 5 


=1. 78470 


Vdl 


i =26.22 


r io = 


-47. 5157 


di 


0 = 


3. 2380 










r n = 


-21. 0043 


di 


1 = 


1. 3300 


ride 


=1.65830 


Vd< 


i =53.44 


r i3 = 


-26. 9041 


d] 


2 = 


4. 5520 










ria = 


oo. GRO) 


di 


3 = 


4. 1200 










r 14 = 


-110. 2549 


di 


4 = 


2. 1300 


rid7 


=1.68893 


Vd' 


r =31.08 


r 15 = 


-69. 7784 


di 


6 = 


0.5940 










r i6 = 


139. 7565 


d] 


6 = 


2. 9700 


rid s 


=1. 54739 


Vdl 


i =53.55 


ri7 = 


-32. 6632 


di 


7 = 


1. 2060 










ris = 


161. 2610 


di 


8 = 


1. 1100 


rid 9 


=1.78472 


V<H 


. =25.71 


ri9 = 


18. 7929 


di 


8 = 


5. 1500 


ridio 


=1. 58313 


Vd J 


to=59. 36 


T20 = 


-28.0029 


d 3 


0 = 


0. 7190 










r 2i = 


-20. 9845 


di 


1 = 


1. 6700 


rid ii 


=1. 74100 


Vd 


u=52. 68 


r 22 = 


-21. 8084 


di 


2 = 












T2S = 


-49. 7366 


dj 


3 = 


3. 0300 


mi j 


=1.84666 


Vd 


ta=23. 78 


r 24 = 


-24.4370 


di 


4 = 


2. 7250 
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ns = -17. 5797 dte= 0.6500 
r a6 = -18.2786 dn = 1.0000 

r27= 7 1. 7 6 0 0 



20 

ndia=1.52492 Vdis=51.77 
run=l. 77250 v d i4=49.66 



X-AMBi 



f 


36.2 


68.0 


131.0 




0.851 


15.656 


21.500 


dn 


19.185 


9.463 


2.639 



10 



p =1 



*A< = 0. 21637X10"* 
As = 0.49594Xl(r T 
As =-0.10228X10" 11 
Aio = 0.56359X10" 12 
[0 0 6 0] SfS5§ft&£f3) 
f =29.2— 37.0- 54.0 
Fno= 4.60— 5.11— 6.30 
O) = 36.5— 30.3— 21.8° 
fs = 5.02- 11.53- 27.41 









* 










ri = 


-26.4534 


di 


= 1.0000 


Tin 


=1.83400 


Vdi 


=37. 16 


Tz = 


-881.8774 


ds 


= 0.4200 










r 3 = 


-278. 5753 


da 


= 3.6189 


rids 


=1.69680 


Vda 


=56.49 


r 4 = 


-24. 7811 


d4 


= 0.5000 










r 5 = 


27.8321 


d £ 


= 1.6197 


rus 


=1. 69680 


Vd3 


=56.49 


r 8 = 


67.7204 


de 


=(pJS9 










Ti = 


-54. 9522 (#J*®> 


di 


= 3.0703 


n*i 


=1. 78800 


Vd4 


=47. 38 


r s = 


9.9882 


ds 


= 4.4827 




=1.83400 


VdS 


=37. 16 


r 9 = 


-111.8670 


ds 


= 










no = 




die 


= 4. 1130 










rn = 


-530.8542 


di 


i= 3.8073 


ride 


=1.61405 


Vd6 


=54. 95 


r 12 = 


-8.8197 


di 


2= 0.5000 


rid; 


=1.84666 


Vd7 


=23. 88 


r 13 = 


-17. 3752 


d, 


s= 0.5000 










r i4 = 


-42.6880 


di 


4= 1.1971 


ridt 


=1.64000 


Vds 


=60. 09 


r i6 = 


-23. 1652 


di 


5 = (Pj&) 










r i5 = 


-23. 7219 


di 


e = 2.3041 


ndi 


=1.84666 


VdS 


=23.88 


ri7 = 


-15. 7393 


di 


r= 2.3156 










r i8 = 


-14. 1806(^36*®) 


di 


8= 0.5000 


ridi 


o=1.64000 


VdlO 


=60.09 


r i9 = 


-87. 5074 


di 


9= 2.0761 










r 80 = 


-27.9339 


d 3 


o= 0.5500 




i =1.60311 


Vdli 


=60. 70 


Fzi = 


334.4222 















f 


29.2 


37.0 


54.0 




2. 369 


5.929 


8.888 


d 9 


1. 915 


2.040 


0.500 


d 16 


11.309 


7.528 


2.571 



40 



SS7® 
P =1 

Ad =-0.24960Xl(r 4 
As = 0.97359X10" 7 



As =-0.34211X10- 8 

Aio = 0.24291X 1 0" 1 0 

mi sm 
p =1 

A 4 = 0.76581X10- 6 
As =-0.54028X10" 7 
As = 0.14985X10" 8 
Aio =-0.73315X10- 11 

[0061] m6$mm 

f = 36.0- 68.8- 131.5 

Fso= 4.62- 5.80- 7.50 

0) = 30.9- 17.5- 9.3° 

f b = 9.78- 34.28- 83.34 



50 
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22 



Tx = 


-179.8187 


di 


= 1.0919 


ridj 


=1.83400 


VdJ 


i =37.16 


r» = 


38.4651 


ds 


= 0.8788 










r a = 


49.9828 


ch 


= 3.1628 


rus 


=1.61720 


Vdl 


i =54.04 


r < = 


-279.9562 


di 


= 0.1998 










r s = 


30. 1522 


dt 


= 4.7290 


nuj 


=1.51823 


VdJ 


i =58.96 


r a = 


-112.6403 


de 


=o?r*> 










r 7 = 


-42. 9353 


d 7 


= 0.7101 


m< 


=1.78590 


Vd< 


. =44.18 


r 8 = 


19. 2434 


de 


= 1.0696 










r 9 = 


38. 2064 


d s 


= 2.7010 


mi 


=1. 78472 


Vdl 


} =25.71 


r io = 


-44. 0457 


di 


o= 2.6789 










r n = 


-21. 2365 


di 


i= 1.2931 


Tin 


=1.63854 


Vd< 


j =55.38 


r 12 = 


-27.2568 


di 


« = (^I3g) 










r 13 = 




di 


3= 4.0108 










r i4 = 


-402. 5078 


di 


4= 2.1024 


rid? 


=1.68893 


Vd 


i =31.08 


r i6 = 


-97. 7116 


di 


e= 0.3479 










r i« = 


107.4156 


di 


e= 2.6354 


Tld! 


=1.54739 


Vdt 


i =53.55 


r i? = 


-33. 2395 


dj 


t= 1.5238 










ris = 


193. 3836 


di £ 


= 1.2076 


rid » 


=1. 78472 


Vd9 


=25. 71 


r 19 = 


18. 0304 


di 


9= 4.6310 


tidi 


o=1.58313 


Vd 


io=59. 36 


r Z o = 


-27. 2813 


ds 


o= 0.9453 










r 21 = 


-19.4411 


ds 


i= 1.6868 


ruj 


1=1.74100 


Vd 


n=52. 68 


T22 = 


-20. 1265 


ds 












T23 = 


-47. 2575 


d s 


3= 3.0383 


n«u 


2=1.84666 


Vd 


i2=23. 78 


r 24 = 


-23. 6858 


ds 


4= 2.4178 










T25 = 


-17. 7464 (##®) 


ds 


6 = 0.7957 


n d 3 


3=1.50137 


Vd 


13=56.40 


r 26 = 


-18.0796 


ds 


« = 0.6371 




4=1. 77250 


Vd. 


i4=49. 66 


r 27 = 


7 4. 5 12 2 















f 


36.0 


68.8 


131.5 


do 


1.890 


15.517 


21.593 


di. 


4.279 


4.088 


4.321 


d,« 


19. 578 


9.543 


2.741 



p = 1 

A 4 = 0.19070X10" 4 
30 M = 0.49353X10- 7 
As =-0. 16021 XlOr io 
Aio = 0.58494X10" 12 
[0 0 6 2] JEU:, 8H«Kf9»&ffi6«Kfl|(D^X(0 

(i) (4) \zttm-*rt7*-9v>m*& 

[0 0 6 3] 



%2 5® 



-96- 



(13) #P8¥4-3 3 8 9 1 0 

23 24 
7 





01 


011 


1 0ip/0t 1 




0.025630 


0.000008 


0.000303 




0.026316 


-0.000500 


0.019000 




0.026300 


0.000545 


0.020722 




0.027641 


-0.000183 


0.006621 




0. 034250 


0. 012938 


0. 377752 




0.027752 


0.000062 


0.002234 





0i / 0i 


01l/ 0f 






0.45017 


1. 3354 


3.01053 


%29£SE0I 


0.44744 


2.7200 


3.69834 




0.46443 


1. 3358 


3.08287 


&4g£S60! 


0.40948 


3.2570 


2.85376 




0.41768 


1.2621 


1. 73629 




0.41438 


1. 3302 


2.88442 



m7] 4 ix-A u >x\z$&k<n y*-tiis> tmrn 
*mm isitm&t.*ftm\z&%y is>yjj&*m 

[bis] mimmm<D&fti®timj&i%<Dis>x®wm*v 

[010] m3mmm<Dji:^tmm^(Du>xmmm 
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